We report redshifts, magnitudes and morphological classifications for 5369 galaxies with m B ≤ 15.5 and 57 galaxies fainter than this limit, in two regions covering a total of 1.70 steradians in the southern celestial hemisphere. The galaxy catalog is drawn primarily from the list of non-stellar objects identified in the Guide Star (Lasker et al. 1990 , AJ 99, 2019; hereafter GSC). The galaxies have positions accurate to ∼ 1 ′′ and magnitudes with an rms scatter of ∼ 0.3 m . We compute magnitudes (m SSRS2 ) from the relation between instrumental GSC magnitudes and the photometry by Lauberts & Valentijn (1989) . From a comparison with CCD photometry, we find that our system is homogeneous across the sky and corresponds to magnitudes measured at the isophotal level ∼ 26 mag arcsec −2 . The precision of the radial velocities is of ∼ 40 kms −1 and the redshift survey is more than 99% complete to the m SSRS2 = 15.5 magnitude limit. This sample is in the direction opposite to the CfA2; in combination the two surveys provide an important database for studies of the properties of galaxies and their large-scale distribution in the nearby Universe.
Introduction
During the past two decades, complete, wide-angle redshift surveys have provided a fundamental basis for exploring the large-scale distribution of galaxies. Starting with the CfA1 Redshift Survey (Davis et al. 1982) , the first to reach beyond the Local Supercluster, these surveys have revolutionized our view of the spatial distribution of galaxies. The CfA1 redshift survey provided the first three-dimensional glimpse of the nearby universe, showing that within 70h −1 Mpc (H 0 =100h −1 km/s/Mpc) the galaxy distribution is far from homogeneous with large regions devoid of bright objects. The first complete slice of the CfA2 Redshift Survey (de Lapparent et al. 1986 ) soon produced striking results with the discovery of the Great Wall, a spectacular example of a well-defined, thin, two-dimensional structure perpendicular to the line-of-sight and outlining several large voids (de Lapparent et al. 1986 ). Later the diameter-limited Southern Sky Redshift Survey (SSRS, da Costa et al. 1988) , not only confirmed the existence of large voids, but also detected other thin two-dimensional coherent structures, like the Southern wall. These surveys revealed the large scale of structure in the universe.
Surveys of both hemispheres have continued: the CfA2 covers a portion of both galactic caps in the northern celestial hemisphere (Geller & Huchra 1989 ) and the SSRS2 (e.g., da ) covers a portion of both caps in the south. In contrast to the diameter-limited SSRS, the deeper SSRS2 is a magnitude limited survey based on a selection of objects from the Hubble Space Telescope Guide Star Catalog (Lasker et al. 1990 ; GSC hereafter).
The CfA2 and SSRS2 surveys now cover more than 30% of the sky. Together they contain more than 20,000 galaxies and provide a panoramic view of the three-dimensional galaxy distribution (e.g., da . The redshift survey maps show that the galaxy distribution consists of a complex network of voids, typically 5000 kms −1 in size, surrounded by thin walls where most galaxies reside (Geller & Huchra 1989) . A quantitative analysis of the SSRS2 (El-ad et al. 1996) confirms this picture, finding the typical size of voids to be ∼ 40h −1 Mpc. Contrary to some earlier expectations, large voids and walls are not rare events; they are present in every direction surveyed (e.g., CfA2; Las Campanas Redshift Survey, Schectman et al. 1996) .
Both separately and combined, the CfA2 and SSRS2 have provided a basis for determination of the local luminosity function (Marzke et al. 1994b ) and its dependence on morphology , Marzke et al. 1998 ) and color (Marzke & da Costa 1997) ; the power-spectrum of the galaxy distribution (Park et al. 1994 , da Costa et al. 1994b ); the mean pairwise velocity dispersion (Marzke et al. 1995) ; the dependence of clustering properties on luminosity (Benoist et al. 1996) , morphology and color ) and the properties of loose and compact groups (Barton et al. 1996 , Ramella et al. 1997 , Ramella et al. 1998 ).
Even though the currently planned deeper surveys will dramatically extend the depth of the sampled volume of the Universe, the combined CfA2 and SSRS2, which probe the distribution of L * galaxies out to ∼ 100 h −1 Mpc, will continue to be a valuable database. For instance, the large number of galaxies, the complete sampling and the large angular coverage will allow, in conjunction with independent distance measurements, a more detailed study of the relation between individual galaxies and large-scale structure.
Here we provide the SSRS2 catalog. In Section 2 we discuss the assembly of the sample of galaxies from the GSC, the magnitude system, and the morphological classification of galaxies. In Section 3 we describe the observations. The catalog itself is in Section 4. A brief summary follows in Section 5.
The Sample

Constructing the catalog
We selected the SSRS2 galaxy sample from the list of non-stellar objects in the GSC. The sample covers the region -40 • ≤ δ ≤ -2.5 • and b ≤ -40 • in the Southern Galactic cap (SSRS2 south), and the region δ ≤ 0 • and b ≥ +35 • in the Northern Galactic cap (SSRS2 north). The northern limits in declination make the SSRS2 contiguous with the CfA2.
The GSC has good astrometric accuracy (∼ 1 ′′ ) and objectively measured instrumental magnitudes. To examine the adequacy of the instrumental GSC magnitudes, we identified the GSC counterparts for about 1000 galaxies from the Lauberts and Valentijn (1989, hereafter ESO-LV) catalog, and compared the instrumental and ESO-LV magnitudes. We find a linear relation with small scatter (≈ 0.3 m ) between these magnitudes. This relation yields a transformation between the GSC instrumental magnitudes and the ESO-LV measurements (Alonso et al. 1993) . Using this relation (see Section 2.2) we extracted a preliminary sample of objects from the GSC with m ssrs2 ≤ 15.5.
The "non-stellar" GSC list includes many visual double or triple stars, parts of bright galaxies, and satellite and asteroid trails. Thus it is not possible to equate all "non-stellar" objects with galaxies. To identify the galaxies in this preliminary sample, we either matched the list with other known galaxy catalogs or visually inspected the images. The typical number of "non-stellar" objects in a 10 • declination strip of the GSC, within the survey boundaries, is ∼ 5500; only 900 (∼ 16%) of these are galaxies.
To investigate the nature of the selected objects, we matched the list with the following series of galaxy catalogues: 1) The ESO-LV catalog yielded 1477 galaxies in common with the SSRS2 south and 338 in the SSRS2 north for declinations δ ≤ −17.5 • , the northern limit of the ESO-LV catalog. For a match, we required a separation < ∼ 3 ′ ; 2) For declinations δ > −17.5 • we matched the sample with the Morphological Catalogue of Galaxies (Vorontsov-Velyaminov & Arkhipova 1963 -1968 allowing separations ≤4 ′ (because of the large errors in the catalog coordinates) to find 900 matches in the SSRS2 south and 837 in the SSRS2 north; 3) We then matched the remaining objects to a subset of the APM survey with m B < ∼ 16 (Loveday 1996) in the southern galactic cap (−40 • ≤ δ ≤ −2.5 • , kindly provided by S. Maddox and W. Sutherland). We cross-identified ∼ 700 APM galaxies. For the SSRS2 north, a similar match to an APM catalog (Raychaudhuri et al. 1994 , kindly provided by Somak Raychaudhuri) yielded ∼580 matches.
Taken together the matching procedures identified ∼ 88% of the galaxies in the final catalog. The matching procedure also showed that galaxies with very large apparent diameters are not included in the GSC, but can be found in either the ESO-LV or the MCG. In these cases, we used the coordinates from the parent catalog and converted the magnitudes using the appropriate relation (see Section 2.2). We recover 124 galaxies from the ESO-LV and 173 from the MCG. These large objects are missing in the APM catalog as well as in the GSC ; both suffer from the same bias. These cases constitute ∼ 6% of the sample.
Finally, we visually inspected the remaining unmatched objects in the preliminary GSC "non-stellar" list. We identified ∼ 190 galaxies in the southern and 100 in the northern subsamples accounting for ∼6% of the final sample. Visual inspection revealed that a few (∼ 30) bright and single galaxies were split in the GSC into two or more components. In these cases we maintained the object as a single entry in the catalog and used magnitudes from the ESO-LV or MCG catalogs, converted into the m SSRS2 system (Section 2.2). Visual inspection also showed that quite often close pairs of galaxies (especially galaxies classified as "interacting galaxies" (IG) by Lauberts (1982) ) appear as a single object in the GSC. If we had detailed information for each galaxy from the ESO-LV (coordinates, magnitudes and velocities) we used it to split the GSC entry into the appropriate number of galaxies, with appropriate coordinates and magnitudes converted to the m SSRS2 system. In cases where data for the separate galaxies were unavailable, we estimated the magnitudes. For about 16 galaxies, the estimated magnitude was brighter than our magnitude limit and new entries were created in the catalog, and new coordinates measured. We believe that this careful inspection insures the completeness of the catalog to the desired limiting magnitude.
As a final note, we point out that some galaxies may still be missed depending on the performance of the galaxy/star classification algorithm used by the GSC. In order to evaluate this effect we searched for APM galaxies in the GSC "stellar" list, finding that about half of the matches had already been included in the SSRS2 catalog from our searches in the ESO and MCG catalogs. The results indicate that our incompleteness, due to the misclassification of galaxies as stars, is < ∼ 2%, occuring primarily in the fainter 0.5 magnitude bin.
Magnitudes
The SSRS2 magnitude system converts the GSC instrumental magnitudes to the magnitude system of the ESO-LV catalog. About 1000 GSC "non-stellar" objects matched to ESO-LV galaxies determine the linear relation between the GSC instrumental magnitudes, m GSC and ESO-LV B T magnitudes. We then add a constant term to these B T magnitudes to match the Zwicky-B(0) (Huchra 1976; de Vaucouleurs & de Vaucouleurs 1964) system of the CfA2. From Felten (1985) , we take a constant term of 0.26 m . The relationship between m SSRS2 and m GSC is then (Alonso et al. 1993) m SSRS2 = 0.59 m GSC + 8.42 (1) A comparison of the m SSRS2 magnitudes with CCD photometry (Alonso et al. 1993 (Alonso et al. , 1994 shows that the m SSRS2 's have a limiting isophotal level close to 26 mag arcsec −2 . The rms uncertainty in the magnitudes is ∼ 0.30 m . Alonso et al. (1994) also verify that the photometry is uniform across the survey. They found a mean offset m B (26) -m SSRS2 = -0.02; the variation of the zero-point over the sky is ∼ ± 0.10 magnitudes for regions at large angular separations. From a small number of galaxies for which both m SSRS2 and m Zwicky are available, Alonso et al. (1994) also show that the zero-point offset is m SSRS2 -m Zwicky ∼ 0.10 m , smaller than the typical magnitude errors in either catalog (0.35 m for m Zwicky ).
To further justify the above results in figure 1 we compare m SSRS2 magnitudes, as defined above, with B 26 taken from the ESO-LV for 1588 galaxies in common. In the figure, we also show the linear χ 2 fit obtained in the domain 13 ≤ m SSRS2 ≤ 15.5, which yields the relation B 26 = 1.01 m SSRS2 -0.10, with a dispersion of about 0.33 m . Assuming the errors in B 26 to be ∼ 0.1 m , we estimate the errors in m SSRS2 to be about 0.31 m , confirming the findings of Alonso et al. (1994) , for a much larger sample of galaxies.
For single objects which were split in the GSC, or for two or more galaxies with a single entry in the GSC, we use magnitudes tabulated in the ESO-LV or MCG catalogs converted into m SSRS2 by adding 0.26 m to the ESO-LV B T or by adding 0.5 m to the MCG magnitude. For merged images not separated by the GSC, and not contained in the ESO-LV nor in the MCG, we use the GSC magnitude to obtain m SSRS2 , as given by equation (1), rather than including a visual estimate. Figure 2 shows the number counts of galaxies in 0.5 magnitude intervals for both subsamples (North and South) of the SSRS2. Although there are small sample fluctuations for bright galaxies (m SSRS2 < ∼ 11), the counts for the two subsamples are in excellent agreement at fainter magnitudes and both have a slope of ∼ 0.6. There is no flattening of the slope at the faintest magnitudes, indicating that there is no significant loss of objects at the limit of the survey.
Morphology
Although the visual classification of a "non-stellar" object as a galaxy is straightforward, the morphological classification is not (e.g., Lahav et al. 1995) ; classifications vary from individual to individual. In the SSRS2 catalog, we include morphological classifications for all galaxies available in the ESO-LV for δ ≤ −17.5 • (1815 galaxies); from the ZCAT compilation of Huchra (1996, private communication) ; and from an APM classification (W. Sutherland, private communication) in the declination range −10 • ≤ δ ≤ −2.5 • for the southern galactic cap only.
The ESO-LV morphology is the most detailed and homogeneous classification, subdivided into transition types and subclasses, and we adopt it as our reference system. The APM classification includes only principal types and we transform them into T types: ellipticals (T=-5), S0s (T=-2), spirals (T=5), and irregulars (T=10). ZCAT morphologies are not so homogeneous as the other catalogs because it is a compilation which includes data from several sources. We also map these classifications to conform with the ESO-LV system. We point out, however, that while in the ESO-LV system, T=5 corresponds to generic spirals, here we have assigned this type for all spirals pending more detailed classification. We also devised numerical codes for peculiar galaxies (T=15) and unclassified objects (T=23).
To provide complete morphological information, we visually inspected galaxies with no previous classification. To calibrate our classifications and to make them as consistent as possible with the ESO-LV system we re-classified galaxies in the ESO-LV without looking at the published T type. For the SSRS2 south we used film copies of the ESO(B) Atlas and, in doubtful cases, we also used the ESO-SRC (J) film copies. By iteratively classifying and checking, we became confident in our classifications when they matched the ESO-LV more than 85% of the time. Most of the discrepancies come from misclassifying S0s, either as ellipticals or as early spirals. We then used the ESO (B) film copies to classify objects south of declination δ = −17.5 • ; northward of this limit we used paper copies of the Palomar Observatory Sky Survey (POSS). For the SSRS2 north, which was examined later, we used the Digitized Sky Survey. The lower photographic quality of the POSS paper copies may have led us to misclassify some early spirals as SOs or even ellipticals. However, we classified only about 200 galaxies (∼ 4% of the sample) from the POSS.
We emphasize that our system of morphological types is only homogeneous and complete when coarsely binned, i.e., if we define ellipticals as T= [-5 to -3] , lenticulars as T=[-2 to 0], and spirals as T= [1 to 9] . Adopting this definition we find that the magnitude-limited SSRS2 consists of: 12.5% of ellipticals, 19.0% of S0s, 64.0% of spirals, 1.5% of irregulars, 2.6% of peculiars and 0.4% of unclassified galaxies. More recently we began using images from the Digitized Sky Survey and the process of classifying all objects with greater morphological resolution is underway. We will periodically update the catalog version available at our www site mentioned below. Figure 3 shows the fraction of early and late type galaxies in 0.5 magnitude bins. While at the bright end (m B < ∼ 13.5) there are fluctuations, due to small number statistics, at fainter magnitudes, the population fractions approach a constant value of about 66% and 32% for late and early type galaxies, respectively.
Observations
The acquisition of spectra for the SSRS2 began in 1987. We accumulated data with a variety of telescopes and instrument setups until 1997. In Table 1 we list the different sites, telescopes and detectors. We also list the slit size, wavelength coverage, and the mean resolution of spectra.
In the first observing runs at CASLEO and all observations at Mount Hopkins and the SAAO, we used Reticon photon-counting devices. The CTIO, ESO, LNA and the 1996 CASLEO spectra are all CCD data.
We reduced the Reticon spectra following the standard procedure (Tonry & Davis 1979) . We combined the spectra of each object and then subtracted the sky counts which we observed simultaneously in a separate slit. We then flatfielded the sky-subtracted spectrum to remove detector pixel-to-pixel response. We wavelength calibrated the flatfielded spectrum. The typical error in the polynomial fit for wavelength calibration is ∼ 0.3 to 0.4Å.
We also reduced the CCD spectra in a standard fashion (e.g., Massey 1992) using IRAF routines. We bias-subtracted, flatfielded, and when necessary, corrected the raw frames for illumination effects. We then extracted the object and comparison spectra using the optimal extraction routines available in IRAF. We did the wavelength using the REDUCER package (provided by W. Wyatt of the CfA), a C language adaptation of the FORTH routines used to reduce the Reticon spectra.
We used the standard cross-correlation technique (Tonry & Davis 1979 ) and emission line fitting to extract redshifts. For the first CASLEO runs, we used the FORTH version of the cross-correlation code. However, we measured most of our radial velocities using the RVSAO package (Kurtz et al. 1992) in an IRAF environment. We used only two of the default templates supplied with RVSAO: a composite stellar spectrum and a composite galaxy spectrum. Whenever we detected emission-lines, we also used them to measure the redshift. If both cross-correlation and emission-lines provided a radial velocity, we combined these measurements with weights proportional to the estimated uncertainty in each determination (e.g., Tonry & Davis 1979 ). For velocities with estimated errors below 20 kms −1 , usually based on emission lines, we added 25 kms −1 in quadrature to account for other sources of systematic errors as suggested by Kurtz and Mink (1998) . The internal error in most of our velocities is ∼ 40 kms −1 (e.g. da Costa et al. 1984 , da Costa et al. 1991 .
The Catalog
The number of galaxies in the survey is 5426: 3489 are in the southern galactic cap b ≤ −40 • and δ ≤ −2.5 • (1.13 steradians), and 1937 are in the northern galactic cap b ≥ 35 • and δ ≤ 0 • (0.57 steradians). The sample contains objects (836 galaxies, or 15 % of the sample) previously observed for the diameter-limited SSRS (da Costa et al. 1991). We measured 2828 new redshifts or 52% of the sample, including galaxies from a survey of the equatorial region (Huchra et al. 1993) . Tables 2 and 3 contain the SSRS2 catalog. Table 2 contains 5369 galaxies (3439 in the SSRS2 south and 1930 in the SSRS2 north) with m SSRS2 ≤ 15.5. These galaxies constitute a well-defined, magnitude-limited sample for statistical analyses. For each object the entries are: column (1) the galaxy identification in the GSC; column (2) the ESO or MCG identification; columns (3) and (4) B1950.0 equatorial coordinates; column (5) the m SSRS2 magnitude ; column (6) the heliocentric radial velocity v ⊙ ; column (7) the estimated internal error, ǫ, in the radial velocity; column (8) galaxy morphologies with T types as discussed in Section 2.3; column (9) the source for the radial velocity, where zero represents a value from the literature, and numbers 1 to 9 are the sites in Table 1 ; column (10) an indicator for galaxies without a radial velocity because of superposed stars ("star"), or because of low surface brightness requiring long integration times ("lsb"); column (11) other identifications for galaxies (e.g. NGC or IC number). Only the first page of Table 2 is shown in this publication. The complete table is available in our www site http://obsn.on.br/ssrs2.
Positions are from the GSC, except for those galaxies missed or "merged" into a single object in this catalog. In these cases, the positions, identifications and magnitudes come either from the ESO-LV or MCG catalogs, or are new estimates (16 galaxies mentioned in section 2.1). For other 6 galaxies we also estimated the magnitudes since the quoted value was contaminated by a star image. Magnitudes estimated for these 22 galaxies are labeled with an asterisk. Sources for radial velocities are the same mentioned in da Costa et al. (1991) and for more recent data, the NASA/IPAC Extragalactic Database (NED).
The completeness in radial velocity for galaxies with m SSRS2 ≤ 15.5 in both galactic caps exceeds 99%. We caution users of this catalog that there are 35 galaxies without radial velocities. Of these, 9 are low surface brightness galaxies and 25 have superposed stars which make optical velocities impossible to obtain. Figure 4 shows the distribution of radial velocities for the SSRS2 north and south subsamples. To compare the samples in a meaningful way, we normalize each distribution by the appropriate survey area. Both subsamples have large amplitude fluctuations. The subsamples differ most noticeably at ∼3000 kms −1 and in the redshift range 8000 -11000 kms −1 , where the difference in counts is ∼ 2σ. The clustering of galaxies explains these differences. In the south galactic cap the great nearby void at 3000 kms −1 and the Southern wall at 6000 kms −1 are prominent structures; the large overdensity in the north cap is due to a structure that extends to 8000 kms −1 . Cone diagrams for the two surveys are in da and da .
In the early stages of this project (e.g., da Costa et al. 1989) we did not have a proper calibration of the galaxy magnitudes. We thus took a conservative approach when selecting galaxies; we included galaxies from the ESO-LV and MCG catalogs with m B ≤ 15.5 as estimated from the MCG magnitudes or from B T in the case of ESO-LV galaxies. As the m SSRS2 magnitudes became available, some of these objects turned out to have m SSRS2 > 15.5 based on equation (1). We list these 57 objects in Table 3 , where the columns have the same meaning as in Table 2 .
Summary
The SSRS2 catalog, described in this paper, includes 5426 galaxies in the southern hemisphere. For essentially all of these galaxies we present radial velocities, good astrometric positions and objectively measured magnitudes. The catalog also includes galaxy morphologies compiled from a variety of sources. The magnitude limited sample designed for statistical analyses contains 5369 galaxies brighter than m SSRS2 = 15.5, distributed within a solid angle of 1.7 steradians, split between two regions in the north and south galactic caps. The magnitude system is homogeneous and equivalent to isophotal, measured at 26 mag arcsec −2 . Its zero-point offset relative to the Zwicky magnitudes, used in the CfA surveys, is estimated to be about 0.1 m .
Since the loss of objects at faint magnitudes, caused by misclassifications of galaxies as stars in the source catalog (GSC), is small, we conclude that the magnitude limited catalog is essentially complete to m SSRS2 = 15.5. The redshift completeness exceeds 99%. The SSRS2 galaxy catalog is the basis for a variety of studies of large-scale structure either by itself or in combination with the CfA2 to probe larger scales. Together these surveys are the largest database of redshifts of the Local Universe.
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